Background {#Sec1}
==========

Colorectal cancer is one of the most common malignant tumors and has high morbidity and mortality. As the hub of the portal and vena cava systems, the liver is the primary organ involved in the invasion of colorectal cancer \[[@CR1]--[@CR5]\]. The latest statistics show that 20% to 25% of patients have liver metastases at the time of the initial diagnosis, and about 50% of colorectal cancer patients will develop liver metastasis during the course of their diseases \[[@CR6]\]. Although the 5-year survival rate of patients with liver metastases from colorectal cancer can significantly be improved by hepatectomy, the high postoperative recurrence has become one of the main reasons that hinder patients from the long-term survival \[[@CR7]--[@CR9]\]. Several studies have found that more than half of patients relapsed within 2 years after initial surgery, and new metastatic foci appeared in 50% to 70% of patients \[[@CR10], [@CR11]\]. For these patients, repeat hepatic resection is the standard and effective treatment regimen and associated with few complications and low mortality \[[@CR12], [@CR13]\]. However, repeat hepatic resection is technically demanding because of proximity to vital structures and is less effective for those patients with multiple lesions, large metastatic foci, and short disease-free interval. Hence, non-surgical treatment should be considered \[[@CR14]--[@CR18]\]. Thermal ablation procedures such as radiofrequency ablation (RFA) offers the advantages of security, efficiency, minimally invasive, and can cause coagulation necrosis of the tumor with avoidance of unnecessary surgery, especially for patients who are not candidates for hepatic resection \[[@CR19], [@CR20]\]. For this reason, RFA has been widely applied in clinical treatment \[[@CR21], [@CR22]\]. Relevant studies have suggested that the limitation of RFA is an increased risk of local tumor recurrence, and the expected effect may not be achieved \[[@CR23], [@CR24]\]. In essence, there is little study on the treatment of patients with recurrent colorectal liver metastases after resection, and the clinical efficacy and prognostic impact of RFA for this disease are still controversial. Therefore, this study explored the role and status of percutaneous ultrasound-guided RFA in the comprehensive treatment of recurrent colorectal liver metastases after hepatectomy.

Methods {#Sec2}
=======

Study population and data collection {#Sec3}
------------------------------------

Patients who underwent hepatectomy for colorectal cancer liver metastases at Hwa Mei hospital between January 2007 and January 2014 were enrolled. Inclusion criteria include (1) all patients with liver metastases from colorectal cancer that had already undergone radical resection, and (2) the patient was diagnosed as intrahepatic recurrence by B-ultrasound, CT, or MRI and serum tumor markers. A total of 194 patients met the inclusion criteria (74 females, 120 males; mean age 60.5 years, range 37--83 years). Indications for repeat hepatic resection included (1) complete resection (R0) of intrahepatic lesions can be achieved, (2) patients have enough capacity of the residual liver (\> 30%), (3) with normal hepatic inflow and outflow tract, and (4) without surgical contraindication.

Indications for RFA are as follows: (1) the number of tumors ≤ 3 and the maximum diameter of the tumor ≤ 5 cm, or the number of tumors \> 4 and the maximum diameter of the tumor ≤ 3 cm; (2) patients have the puncture path for percutaneous ablation; (3) R0 ablation can be achieved; (4) platelets ≥ 60 × 10^9^/L and prothrombin activity ≥ 50%. According to the above criteria, patients were divided into repeat hepatic resection (50 cases) and the RFA group (144 cases).

RFA {#Sec4}
---

Among the 144 cases, 90 had primary colon cancer, 54 had rectal cancer, and six with extrahepatic metastasis. Primary partial hepatectomy was performed in 132 patients and repeated partial hepatectomy in 12 patients. Fifty-seven cases of hepatic metastases involved a single lobe and 87 cases of the double lobe. Sixty-nine cases were single metastatic lesions and 75 cases were multiple lesions. The time for new intrahepatic neoplasia detection was (6.5 + 8.0) months.

RFA was performed using the Korean starmed cooling cycle therapeutic instrument with a rated output power of 150 W and a 17G unipolar ablation radiofrequency needle (effective ablation radius of 30 mm). Ultrasound-guided interventional therapy was performed by ALOKAα7 ultrasonic diagnostic apparatus with a convex array probe (frequency 2--6 MHz), linear array probe (frequency 4--10 MHz), and laparoscopic ultrasound probe (frequency 4--10 MHz). RFA treatment was done by two experienced ultrasound interventional physicians. The direction and depth of electrode placement were determined in accordance with preoperative and intraoperative ultrasonography. One to three ablation electrodes were placed in the tumor after the puncture needle was put into the central part of the tumor. The tumors were ablated under the setting procedure and protocol. When tumor size was more than 3 cm in diameter, overlapping ablation was adopted according to the shape, size, and location of the tumors. The ablation range reached 0.5--1.0 cm in a way that maintains security and eliminates the tumors and possible infiltration to a great extent. At the end of treatment, the ablation electrode was withdrawn and use needle ablation mode, as shown in Fig. [1](#Fig1){ref-type="fig"}. Fig. 1Radiofrequency ablation (RFA) for the treatment of patients with recurrent colorectal liver metastases after hepatectomy. **a** Needles placement. **b** Start of the ablation. **c** Vaporizing tumor

Repeat hepatic resection {#Sec5}
------------------------

Of the 50 patients treated with hepatectomy, 27 were single metastases, 14 had two metastatic hepatic nodules, and nine had more than three metastases. In 29 cases, metastases were confined to a single lobe, and 21 involved both left and right lobe. Twenty-eight patients had a diameter of less than 5 cm (the sum of the diameters of multiple lesions), and 22 patients had a diameter of more than 5 cm.

Local enucleation accounted for 76% (38 cases), hepatic segmentectomy 8% (four cases), left lateral hepatectomy 12% (six cases), and left hepatectomy 4% (two cases).

Clinical detection {#Sec6}
------------------

The level of ALT, AST, albumin (ALB), and total bilirubin (TBIL) were detected by automatic biochemical analyzer before and the 7th day after treatment.

Follow-up {#Sec7}
---------

Postoperative adjuvant chemotherapy was given based upon the individual difference, disease condition, and biochemical test results. All patients were followed up regularly and the deadline date was January 2019. Serum tumor markers were examined and enhanced CT or MRI was performed to evaluate the local ablation of tumors 1 month postoperatively. The therapeutic effect was analyzed by enhanced CT or MRI every 3 months within 2 years and every 6 months after 2 years. The survival rate was recorded during follow-up. The overall survival (OS) started from the date of initiated therapy, ended in the dead day or the last follow-up date, and DFS was calculated from the day of therapy until the first recurrence or death.

Statistical analysis {#Sec8}
--------------------

The preoperative clinical data, perioperative results, and survival status of the patients were collected. Statistical analyses were performed using SPSS 22.0. Continuous variables were expressed as mean ± standard deviation (SD) and *t* test was used for comparison between the two groups. Categorical variables were expressed as relative numbers and *χ*^*2*^ test was used for comparison between the two groups. The primary endpoints were DFS and OS, and the survival curves were depicted by the Kaplan-Meier method, with comparisons using the Log-rank test. To overcome the influence of selection bias and confounding factors on the results, propensity score analysis was applied. In addition to therapeutic methods, all variables affecting prognosis were included as covariates in the logistic regression model to estimate the probability that the subjects were assigned to two groups. Individuals with similar probabilities were selected and then matched from the two groups to meet the randomization criteria. In this study, RFA and repeat hepatic resection group were matched as 1:2, and the caliper value was 0.2. The level of significance was set at *P* ≤ 0.05 for all tests.

Result {#Sec9}
======

Comparison of clinical data between two groups {#Sec10}
----------------------------------------------

A total of 92 lesions were ablated in 50 patients in the repeat hepatic resection group and the average number was (2.7 + 0.8). The maximum diameter of tumors was 4.7 cm, with an average of (3.2 + 1.1) cm. RFA group had an average metastatic lesion of (5.1 + 1.3), and 258 metastatic lesions were eliminated. The overall ablation rate of tumors was 90.7% (234/258) within 1 month after treatment and 12 lesions were partial ablation. The maximum diameter of ablation lesions was 3.6 cm and the average was (2.6 + 0.9) cm.

Fifty-one patients underwent primary ablation, 63 cases needed a repeated ablation, and for 30 cases ablation was carried out three times or more. The local recurrence rate was 7.0% (18/258). Intrahepatic neonatal metastases were found in 114 patients after treatment, the incidence rate was 79.2% (114/144).

Clinical characteristics of tumors removed in 194 patients are summarized in Table [1](#Tab1){ref-type="table"}. Statistical analysis showed comparability that two groups of preoperative chemotherapy, number of metastatic tumors, and distribution of liver metastases were significantly different. The number of metastases in the RFA group was higher than that in the repeat hepatic resection group (*P* = 0.022), and the proportion of left and right lobe involved by tumor was 47.9%, obviously higher than that of repeat hepatic resection (*P* = 0.004). Up to 44.4% of patients in the RFA group received preoperative chemotherapy, while only 30.0% of patients in the repeat hepatic resection group received preoperative chemotherapy. Table 1Comparison of clinical data between two groups of patients with recurrent colorectal liver metastases after hepatectomyVariableRFA (*n* = 144)Repeat hepatic resection (*n* = 50)*χ*^2^*Pv*Sex ratio (*n*)Male:Female87:57:0033:17:000.6740.4111Age(years)≤ 6066 (45.8)21 (42.0)0.2930.5881\> 6078 (54.2)29 (58.0)Primary tumors location (*n*%)Colon90 (62.5)30 (60.0)0.1320.7171Rectum54 (37.5)20 (40.0)Timing of liver metastases (*n*%)Synchronous117 (81.3)35 (70.0)3.4660.0631Metachronous27 (18.7)15 (30.0)Distribution of liver metastases (*n*%)Unilobar75 (52.1)36 (72.0)8.4090.0041Bilobar69 (47.9)14 (28.0)Preoperative chemotherapy (*n*%)64 (44.4)15 (30.0)4.4380.0351CEA (ng/ml)≤ 1087 (60.4)34 (68.0)1.2570.2621\> 1057 (39.6)16 (32.0)Size of tumors (cm)≤ 3102 (70.8)37 (74.0)0.2560.6131\> 342 (29.2)13 (26.0)Number of metastatic tumors (*n*%)Solitary63 (43.8)30 (60.0)5.2560.0221Multiple81 (56.2)20 (40.0)Relapse time interval (months)≤ 657 (39.6)14 (28.0)3.0070.0831\> 687 (60.4)36 (72.0)Values in parentheses are percentages; *RFA* radiofrequency ablation, *CEA* carcinoembryonic antigen

Propensity score analysis {#Sec11}
-------------------------

According to the maximum diameter of metastases (\< 3 cm or \> 3 cm), distribution of metastases (unilobar or bilobar), number of metastases (single or multiple), relapse time interval (\< 6 months or \> 6 months), age (\< 60 years or \> 60 years), carcinoembryonic antigen (CEA) level (\< 10 ng/ml or \> 10 ng/ml), time of liver metastasis (synchronous or metachronous), lymph node metastasis (yes or no), and preoperative chemotherapy (yes or no), propensity score analysis was used to analyze the effect of RFA on survival and recurrence.

Using the propensity score matching method, there were 62 cases in the RFA group and 31 cases in the repeat hepatic resection group. The gender, age, primary tumor location, relapse time interval after hepatectomy, metastases distribution, preoperative chemotherapy, extrahepatic metastasis, CEA level, metastases number, and maximum diameter showed no significant difference between two groups (*P* \> 0.05), as shown in Table [2](#Tab2){ref-type="table"}. Table 2Background characteristics of the matched cohortsVariableRFA (*n* = 62)Repeat hepatic resection (*n* = 31)*χ*^2^*Pv*Sex ratio (*n*)Male:Female41:21:0018:131.360.2441Age(years)≤ 6030 (48.4)14 (45.2)0.2060.651\> 6032 (51.6)17(54.8)Primary tumor location (*n*%)Colon37 (59.7)19 (61.3)0.0540.8171Rectum25 (40.3)12 (38.7)Timing of liver metastases (*n*%)Synchronous47 (75.8)22 (71.0)0.590.4421Metachronous15 (24.2)9 (29.0)Distribution of liver metastases (*n*%)Unilobar37 (59.7)20 (64.5)0.4890.4841Bilobar25 (40.3)11 (35.5)Preoperative chemotherapy (*n*%)24 (38.7)11 (35.5)0.2190.6391CEA (ng/ml)≤ 1039 (62.9)20 (64.5)0.0550.8141\> 1023 (37.1)11 (35.5)Size of tumors (cm)≤ 345 (72.6)21 (67.7)0.5730.4491\> 317 (27.4)10 (32.3)Number of metastatic tumors (*n*%)Solitary31 (50.0)17 (54.8)0.4620.4971Multiple31 (50.0)14 (45.2)Relapse time interval (months)≤ 622 (35.5)10 (32.2)0.2380.6251\> 640 (64.5)21 (67.7)Values in parentheses are percentages; RFA: radiofrequency ablation; CEA: carcinoembryonic antigen.

Comparisons of liver function-related indexes between two groups before and after treatment {#Sec12}
-------------------------------------------------------------------------------------------

ALT and AST levels in both groups were significantly higher than those before treatment, while ALB levels were lower than those before treatment on the 7th day after treatment, and the difference was statistically significant (*P* \< 0.05). Although TBIL increased to some extent after treatment, the difference was not statistically significant (*P* \> 0.05). Compared with the RFA group, the liver function of the repeat hepatic resection group was significantly improved. However, no significant difference in liver function-related indexes was found between RFA and repeat hepatic resection after matching (Table [3](#Tab3){ref-type="table"}). Table 3Comparison of liver function indexes between two groups before and after treatmentPreoperationPostoperationALT (U/L)AST (U/L)ALB (g/L)TBIL (μmol/L)ALT (U/L)AST (U/L)ALB (g/L)TBIL (μmol/L)Whole cohortRFA (*n* = 144)42.3 ± 17.541.8 ± 18.443.4 ± 4.621.7 ± 9.268.1 ± 32.4^\*^63.6 ± 24.9^\*^38.5 ± 3.9^\*^23.2 ± 7.3Repeat hepatic resection (*n* = 50)41.2 ± 15.240.6 ± 22.342.7 ± 3.819.6 ± 11.161.2 ± 35.8^\*\#^57.7 ± 28.3^\*\#^40.4 ± 2.5^\*^22.1 ± 8.6Matched cohortRFA (*n* = 62)39.7 ± 20.838.3 ± 20.544.1 ± 3.718.2 ± 10.656.6 ± 24.3^\*^55.0 ± 29.4^\*^41.8 ± 2.6^\*^20.7 ± 11.1Repeat hepatic resection (*n* = 31)40.9 ± 24.041.2 ± 25.643.6 ± 3.219.4 ± 9.555.7 ± 30.5^\*^58.1 ± 26.2^\*^40.5 ± 3.1^\*^20.4 ± 10.9Compare with preoperation: ^\*^*P* \< 0.05; compare with RFA: ^\#^*P* \< 0.05; whole cohort: *v* = 192; matched cohort: *v* = 30*RFA* radiofrequency ablation, *ALB* albumin, *TBIL* total bilirubin

Postoperative complications {#Sec13}
---------------------------

No perioperative death or acute liver failure occurred in both groups after treatment, and all patients were discharged successfully. In repeat hepatic resection group, 16 patients had postoperative complications, including hemorrhage in three cases, incision infection in four cases, abdominal infection in three cases, bile leakage in three cases, gastrointestinal injury in two cases, and hydrops abdominis in one case. In the RFA group, there were three cases of gastrointestinal injury, four cases of diaphragm injury, three cases of intraperitoneal hemorrhage, five cases of infection, two cases of pleural effusion, and seven cases of nausea, vomiting, and upper epigastric discomfort. Comparison of two parameters of the complications, the result shown that the incidence of complications in the RFA group was lower than that in the repeat hepatic resection group (*P* = 0.037).

After using the propensity score, as shown in Table [4](#Tab4){ref-type="table"}, the operation time and postoperative hospital stay in the RFA group were significantly lower than those in the repeat hepatic resection group. Postoperative complications were mainly hemorrhage, infection, and biliary leakage. Patients who had undergone RFA showed a significant lower in complications incidence as compared with repeat hepatic resection, and the difference was statistically significant (*P* \< 0.05). Table 4Comparison of intraoperative and postoperative outcomes of the matched cohortsVariableRFA (*n* = 62)Repeat HEPATIC Resection (*n* = 31)*Pv*Operation time (min)106.9 ± 41.4232.5 ± 68.30.00030Postoperative hospital stay (days)10.6 ± 5.814.5 ± 7.20.00630Complications (*n*%)0.5447Hemorrhage12Bile leakage02Infection33Gastrointestinal burns31Diaphragm burns20Hepatic arteriovenous fistula01Abdominal infection22Hepatic failure00*RFA* radiofrequency ablation

Analysis of overall survival time and recurrence {#Sec14}
------------------------------------------------

By the end of January, 2019, the median follow-up period of the full cohort of 194 patients with recurrent colorectal liver metastases was 28.6 months, of whom 67 (52.8%) were survival and 127 (65.5%) dead. The 1, 2, and 3 years OS rates were 83.0%, 53.1%, and 34.5% respectively. Figure [2](#Fig2){ref-type="fig"}a showed that the 5-year OS rates of repeat hepatic resection group and RFA group were 36.0% (32) and 27.1% (105), respectively. Compared with the RFA group, the reoperation group had a higher OS rate, indicating a better prognosis (*χ*^*2*^ = 4.024, *P* = 0.045). After treatment, the median DFS of the RFA group was 7.2 months, shorter than 11.3 months of repeat hepatic resection group (*χ*^*2*^ = 5.425, *P* = 0.002), as shown in Fig. [2](#Fig2){ref-type="fig"}b. Fig. 2Survival comparisons in patients who underwent radiofrequency ablation (RFA) and repeat hepatic resection before matching. **a** Overall survival (OS). **b** Disease-free survival (DSF)

After propensity score matching, the result showed that the median survival time of 31 patients treated with repeat hepatic resection was 36.7 months, and the OS rates of 1, 3, and 5 years were 80.6% (6), 48.4% (16), and 32.3% (21), respectively. The median survival time of 62 patients who undergo RFA was 31.9 months, and the OS rates of 1, 3, and 5 years were 75.8% (15), 43.5% (35), and 29.0% (44), respectively. There was no significant difference in OS and DFS between the two groups, as shown in Fig. [3](#Fig3){ref-type="fig"}a, b. Fig. 3Survival comparisons: radiofrequency ablation (RFA) versus repeat hepatic resection after matching. **a** Overall survival (OS). **b** Disease-free survival (DSF)

Discussion {#Sec15}
==========

The survival time and quality of life of colorectal cancer patients with liver metastasis are determined by the therapeutic effect of metastases. Hepatectomy is the optimal treatment option for individuals, but the high rate of postoperative recurrence and metastasis has gradually become a problem \[[@CR25], [@CR26]\]. Relevant reports confirmed that tumor recurrence is detected in 60--70% of patients with liver metastasis from colorectal cancer following curative resection, and 30% of them were often found in the liver \[[@CR27]\]. Subsequent research has found that repeat hepatic resection for recurrent patients could get an ideal therapeutic effect. Therefore, repeat hepatic resection can be used as a favorable choice of treating recurrent patients. It can be applied repeatedly in patients without surgical contraindication \[[@CR16], [@CR28], [@CR29]\]. Nevertheless, the risk of repeat hepatic resection is higher than that of initial surgery. Only a few patients can meet treatment criteria, while most patients are candidates for non-surgical treatment, among which the most commonly used is RFA \[[@CR30], [@CR31]\]. RFA, characterized by well-tolerated and easily repeated, has been widely used in the minimally invasive treatment of liver cancer. However, the long-term effect of RFA is not definite compared with the repeat hepatic resection \[[@CR32]\].

Traditionally, RFA has been used to treat patients who were not candidates for surgical resection, such as extrahepatic metastases, serious primary disease, and special tumor location, to improve their postoperative survival rate \[[@CR33], [@CR34]\]. Previous studies have reported that the survival rate of patients with RFA was only moderately higher than other non-surgical treatments. Besides, extrahepatic thermal injury and needle track implantation are more likely to occur in patients undergoing RFA, which cannot achieve the same effect as surgical resection \[[@CR35]\]. Thereby, RFA was recommended as a good supplement for recurrent colorectal liver metastases after hepatectomy. Recent evidence indicates that the poor prognosis of patients was mainly related to aggressive tumor behavior. Patients with multiple metastases and large diameters have a significantly worse prognosis than that of patients with less tumor burden \[[@CR36], [@CR37]\], which suggests that the negative effect of RFA on the prognosis of patients may be caused by aggressive tumor biological behavior. While patients with the superficial tumors or better liver function are commonly treated by repeat hepatic resection, resulting in a significant difference in baseline data between the two groups. In this study, patients treated with RFA also showed more serious disease states. Compared with the repeat hepatic resection group, the number of metastases, the proportion of left and right lobe involved, and preoperative chemotherapy in RFA were higher. To reduce bias between two compared groups, propensity score analysis was used. On this basis, the effects of treatment factors were further evaluated. After adjustment for potential confounders, the clinical data of the two groups were not statistically significant.

Alterations in AST and ALT are very sensitive following liver function damage and can reflect the degree of damage. Both TBIL and ALB are closely related to the synthetic function of the liver and can reflect the liver reserve function. Seven days after surgery, the ALT and AST levels of the two groups were significantly higher than before treatment, while the ABL was significantly lower than before treatment, which suggests that the liver had a certain degree of damage. Whether it is repeat hepatic resection or RFA, normal liver tissues are mostly involved when tumor cells are eliminated, leading to transient damage of liver function. Thus, preoperative liver function assessment and postoperative liver protection treatment are particularly important for patients with recurrent colorectal liver metastasis. Furthermore, we evaluated the damage severity of liver tissues in both groups. The results showed that the degree of liver injury in the repeat hepatic resection group was less than that in the RFA group without adjustment on major confounding factors and there was no statistical difference in liver function-related indexes between the two groups after adjusting. Additionally, we analyzed the incidence and type of complications in the two groups. Compared with the repeat hepatic resection group, the RFA group has fewer complications, mainly including intraperitoneal hemorrhage, fever, abdominal pain, poor appetite, gastrointestinal injury, bile duct injury, bile leakage, pleural effusion, pin tract infection, and needle track implantation. The incidence of serious complications was less than 3.0%. The advantage of RFA in the treatment of patients is that it can reduce the damage to normal liver tissue and important blood vessels, and the operation time and postoperative hospital time are significantly lower than those in the repeat hepatic resection group. This shows that RFA has the same short-term effect on patients as the repeat hepatic resection under the condition of similar tumor load.

A two-center prospective study found that the 1-, 3-, and 5-year survival rates were 86.0%, 51.0%, and 34% in patients who received repeat hepatic resection, similar to those in patients without recurrence after primary hepatectomy \[[@CR38]\]. In this study, the survival rate of patients who underwent the second resection was 36.0%, which was consistent with the above research. Compared with the 5-year survival rate of 20\~58% in the first surgery, there was no significant difference between the two operations. Repeat hepatic resection provides a cure opportunity for some recurrent patients with mild clinical symptoms, which will benefit these patients obviously. Another study showed that the DFS of primary, second, and third operation in patients with recurrent colorectal liver metastases after hepatectomy were 1.3 years, 1.1 years, and 2.0 years, respectively, which was similar to the results of this study. In our study, the 5-year OS and DFS of RFA group were lower than those of repeat hepatic resection group, but the two groups obtained similar overall prognosis results after using propensity score, indicating that there was no significant difference in the long-term effect between RFA group and repeat hepatic resection group.

The inadequacies of this study mainly display in the following aspects: (1) although propensity scores were used, we failed to achieve complete randomization. (2) This study sample size was small. (3) Recurrent colorectal liver metastases are a systemic disease, and patients need to receive systemic chemotherapy (FOLFOX/FOLFIRI) before and after treatment. Chemotherapy usually lasts 6 months, with a cycle of 20 days. However, due to the severity and progression of the disease, there are differences in the postoperative chemotherapy time. The choice and duration of chemotherapy are also important factors affecting the prognosis of the patient. Therefore, large sample, prospective, randomized controlled studies on treatment are expected to confirm the safety and clinical effect of RFA.

Conclusion {#Sec16}
==========

RFA is safe and feasible for patients with recurrent colorectal liver metastases after hepatectomy, which has long-term efficacy comparable to that of repeat hepatic resection and fewer complications.

RFA

:   Radiofrequency ablation

CEA

:   Carcinoembryonic antigen

ALB

:   Albumin

TBIL

:   Total bilirubin

OS

:   Overall survival

DSF

:   Disease-free survival
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